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LC/MS Analysis S19 the first generation library was produced from a synthetic library devoid of the hairpin loop. This modification was implemented for synthetic ease and cost efficiency. New primers were used (sequences are located in SI Table 1 ). The library was ordered from IDT-DNA to contain 15% A in the template strand random region, yielding 15% EdU in the (+)-sense strand of the library. First generation library synthesis Thermopol buffer (1X final concentration), synthetic library (100pmol), library regeneration primer (120 pmol), dNTPs (200 μM each final concentration), 4 U of Vent polymerase and H 2 O was added to a final volume of 100 μl in a PCR tube. The reaction was heated to 95° C for 20 seconds, cooled to 64° C for 30 seconds followed by 2 minutes at 72° C. The annealing and elongation steps were repeated 3 times to afford the desired dsDNA product. 30 U of Exonuclease I was added and the reaction was incubated at 37° C for 30 minutes. 4 M NaCl was added to a final concentration of 500 mM and EDTA was added to a final concentration of 5 mM. The product was then incubated with streptavidin magnetic beads for 30 minutes with intermittent mixing. The beads were washed twice with wash buffer (20 mM Tris pH 8.0, 500 mM NaCl) followed by the addition of 40 μl 100 mM NaOH for 4 minutes to elute the unbiotinylated strand. The supernatant was immediately mixed with 4 μl of 1 M HCl followed by 1 μl of 1 M Tris pH 8. The unbiotinylated starting library containing the hairpin loop was then used without further purification in selection.
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Glycosylation of the library using click chemistry was performed as in reference 2, with slight modification. The 31 μl reaction mixture containing EdU-extended hairpin, THPTA ligand (0.9 mM final), CuSO 4 (0.8 mM final), and Man 9 azide (2.7 mM) were combined into a capless 0.5-mL microfuge tube. 15 μL of freshly-dissolved 250 mM sodium ascorbate was placed into a second capless microfuge tube. 5 μl H 2 O, 1.25 μl THPTA (10mM) and 1.2 μl (35mM) Man 9 azide were placed in a third capless tube. The three tubes were placed in a 25 ml pear-shaped flask with side arm, and flushed with argon for 2 hours. Under efflux of argon, micropipettors were inserted into the flask to transfer 1 μl sodium ascorbate to the tube containing the DNA, THPTA, CuSO 4 and Man 9 -Azide. After one hour, an additional 0.5 μl sodium ascorbate was transferred, followed by the additional solution of THPTA and Man 9 -azide, and the reaction was allowed to proceed for another hour after which it was buffer-exchanged twice and strand-displaced as described previously.
Strand displacement was also performed slightly differently from reference 2, at 65° C using Bst 2.0 WarmStart, followed by a folding step of 70° C for 2 minutes and slow cooling to room temperature at a rate of 0.3 °/second. All 2G12 selections were performed as in reference 2, with the following modifications. 2G12 incubation was done for one hour at 37 ° C. Recoveries were performed using 1.5 mg protein A dynabeads on a rotator at 37 °C. For all rounds, beads were washed with 100 µl and 150 µl 2G12 binding buffer (20 mM Tris pH 7.5, 150 mM NaCl, 2 mM MgSO 4 ) which was pre-warmed to 37° C. The beads were resuspended with 30 µl elution buffer (20 mM Tris pH 8, 50 mM NaCl, 1.5 mg/ml BSA, 5% Tween-20) and placed in a boiling water bath for 2 minutes. The beads were magnetically separated and the supernatant was used in a 230 µl PCR reaction premix (minus polymerase) containing primer 1 and primer 2. 30 µl of the premix was aliquoted to 3 tubes and used in a pilot PCR reaction in which tubes were removed at various PCR cycle numbers. It is important to avoid excessive cycling as this can lead to unwanted side reactions. The pilot PCR reactions were run on agarose and the optimum PCR cycle number was empirically determined. Polymerase was added to the remaining 200 µl reaction, and PCR was run at the estimated optimal number. Regeneration of the library was performed as previously described, however the 80 ° C step after the second ExoI incubation was omitted.
Note: After round 4, there was a significant build-up of a high molecular weight artifact. 10 µl of recovery PCR product was run on a 10% acrylamide gel and the band of desired size (80 bp) was excised. It was washed for 10 minutes with 1 ml buffer (20 mM Tris pH 9) and then ground with a pipette tip and mixed with 200 µl of buffer (20 mM Tris pH 9). The tube containing the gel slurry was placed in a boiling water bath for 10 minutes and 10 µl of the supernatant was used in a 230 µl PCR premix and pilot PCR as described previously, and the optimized PCR was used in library regeneration as described. No further artifacts were observed in subsequent rounds of selection. Note: In rounds 2, 4, 6 and 8 the library was counterselected against protein A magnetic beads by incubation with 0.75 mg beads for 30 minutes and then the supernatant was used in positive selection for binding to 2G12.
Cloning of selected library
After 7 and 9 rounds of library generation/selection and amplification of the selected mannose-DNA from round 7, 2 μl of the amplification PCR product was used in a 100 μl amplification reaction using Vent(exo) polymerase according to the same parameters as used previously, except primer aptamerfor was used instead of primer aptamerfor-biotin. 5 U Taq polymerase was added to the PCR product and the reaction was incubated for 30 minutes at 72° C to ensure optimal incorporation of overhanging adenosine nucleotides at the 3' ends of both strands. A TOPO TA cloning kit was then used to clone the library according to manufacturer's instructions. 70 colonies were picked into LB broth and the plasmid isolated and sequenced:
Selected Clones
Sequence identifiers: Random Region (T's in the random sequence correspond to positions at which Man 9 moieties are located when the clone is prepared for binding assays) 37for (primer) 37rev (primer) Uncolored text is the stem region Of the colonies sequenced, several clones were observed multiple times. In all 37 new sequences were observed Clone 1 was found in 14 colonies Clone 2 was found in 4 colonies Clone 10 was found in 2 colonies Sequences of clones studied in binding assays, (+) strand, 5'->3': 
GCGCCGTTCGTTCGTGACGATACCT-------* * ****
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Preparation of selected clones and mutants for filter binding assay
For binding studies, the template synthetic oligos for each clone were obtained from IDT. According to our previous procedure, each clone (100pmol) was prepared by polymerase extension of a primer against the synthetic template (using EdUTP in place of dTTP), then glycosylated using vacuum degassing method and purified via urea PAGE. 2 Normally, the click reaction was ~90 % complete, as visualized by PAGE, and in cases where it was incomplete, the material was desalted and the reaction was repeated. The glycosylated and purified ssDNA was then radioactively phosphorylated using polynucleotide kinase and ATP (γ-32 P) according to manufacturer's instructions. The desalted radiolabeled glycosylated aptamer was then used in the filter binding assay described below. For synthesis of mutants having EdU to T mutations, see pg. S15
Filter binding
Binding Buffer (20 mM Tris HCl pH 7.5, 150 mM NaCl, 4 mM MgSO 4 , 50 ug/mL BSA) was prepared freshly and filtered through 0.2 syringe filter. 2G12 serial dilution was prepared in quadruplet. 2G12 dilutions of 500nM, 125nM, 31.25nM, 7.81nM, 1.95nM, 0.49nM, 0.12nM, and 0.03 nM were used in the filter binding assays.
Sufficient radiolabeled DNA (enough to produce an adequate radiogram after overnight exposure, generally 50-100fmol) was added to 180 μl binding buffer/BSA. The solution was heated to 70° C for 5 minutes and allowed to cool to room temperature. Then, 5 μL of the radiolabeled and diluted aptamer was added to a 50 μL aliquot of the antibody. For each dilution, the experiment was repeated in quadruplicate. After binding for 1 hr, the solution was then filtered through a nitrocellulose/PVDF sandwich and the radioactivity in each membrane quantified by exposure to a phosphor screen followed by phosphor imaging. The data were then fit to F bound =(F max [2G12])/(K d +[2G12]). The results are tabulated in SI Table 3 .
Note: Nitrocellulose was exposed to 0.4 M NaOH for 10 minutes, washed extensively with H 2 O, and then soaked in binding buffer prior to the filter binding assay. PVDF was soaked in methanol prior to extensive washing with H 2 O and soaking in binding buffer prior to the filter binding assay.
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Filter Binding Results: 
SI
BLItz (Biolayer Interferometry) Analysis of 2G12-Clone 1 Binding Kinetics
We examined the binding of clone 1 to 2G12 in real time via biolayer interferometry (BLI) using a ForteBio BLItz instrument. Clone 1, modified with a 5'-(A) 5 spacer and biotin tag, was immobilized on a streptavidin sensor exposure of the sensor to a 20 n aptamer solution for 300 seconds at a shaking rate of 2200rpm, yielding an average response of 0.25 nm. 2G12 was associated to the surface at once at each of several concentrations, followed by dissociation in blank binding buffer (20 mM Tris pH 7.5, 150 mM NaCl, 4 mM MgSO 4 , 0.20 mg/ml BSA, 0.02 % Tween-20). The data has been referenced against aptamer loading and nonspecific 2G12/biosensor interaction. For each sensor and at each concentration, background binding of the sensor to 2G12 was recorded without any immobilized aptamer, followed by dissociation of the nonspecifically bound 2G12. These reference runs were then subtracted from data of 2G12 association/dissociation to aptamer-loaded sensor.
Clone 1 was synthesized on a 400pmol scale from Template 1-5T and Biotin tagged stem primer-5A, as seen below:
Step 1: Elongation with BST DNA polymerase and EdUTP mixed bases. Starting Materials:
5'biotin/AAAAACGGGTACGGG TTTTTGCCCATGCCCTCTGGGTGCCACGTTGGATGCCTATTTCGTGTGTCCTCTGCTGTTC Product:
5'biotin/AAAAACGGGTACGGGAGACCCACGGUGCAACCUACGGAUAAAGCACACAGGAGACGACAAG TTTTTGCCCATGCCCTCTGGGTGCCACGTTGGATGCCTATTTCGTGTGTCCTCTGCTGTTC
Step 2: Click reaction Product:
5'biotin/AAAAACGGGTACGGGAGACCCACGGSGCAACCSACGGASAAAGCACACAGGAGACGACAAG TTTTTGCCCATGCCCTCTGGGTGCCACGTTGGATGCCTATTTCGTGTGTCCTCTGCTGTTC Isolated product following urea PAGE purification: 
Product of Polymerase Reaction
CGGGTACGGGAGACCCACGGTGCAACCUACGGAUAAAGCACACAGGAGACGACAAG GCCCATGCCCTCTGGGTGCCACGTTGGATGCCTATTTCGTGTGTCCTCTGCTGTTC
Following polymerase extension, the product was desalted through a 1.5 mL Sephadex G-50 column. Fractions containing product were concentrated under reduced pressure in vacuum centrifuge. Product was reconstituted in H 2 O for the click reaction. Step 1: Starting Materials 5'CGGGTACGGG 3'biotin/AAAAAAGCCCATGCCCTCTGGGTGCCACG
Click Reaction
Step 1: Product
To the reaction was added 12.5 L of NaCl (12.5μL) and 1 μL EDTA (500mM). The reaction was added to 1mg Streptavidin magnetic beads and mixed by rotation for 30 minutes. The beads were washed 4 times with wash buffer (20mM Tris pH7.5, 500mM NaCl.) 30 μL of Elution Buffer was added (20mMTris pH7.5 150mM NaCl) and the beads were heated to 95 o C for 1 minute. The supernatant was removed and saved. This process was repeated a second time to ensure optimal recovery.
Step 1: Isolated Product Step 2:Starting Materials 5'CGGGTACGGGAGACCCACGGUGC 3'biotin/AAAAAAGCCCATGCCCTCTGGGTGCCACGTTGGATG
Step 2: Product of Polymerase Reaction 5'CGGGTACGGGAGACCCACGGUGCAACCTAC 3'biotin/AAAAAAGCCCATGCCCTCTGGGTGCCACGTTGGATG S18 The biotinylated template was removed by streptavidin magnetic bead treatment as in Step 1.
Step 2: Isolated Product Step 3:Starting Materials
5'CGGGTACGGGAGACCCACGGUGCAACCTAC GCCCATGCCCTCTGGGTGCCACGTTGGATGCCTATTTCGTGTGTCCTCTGCTGTTC
Step 3: Product of Polymerase Reaction
5'CGGGTACGGGAGACCCACGGUGCAACCTACGGTUAAAGCACACAGGAGACGACAAG GCCCATGCCCTCTGGGTGCCACGTTGGATGCCTATTTCGTGTGTCCTCTGCTGTTC
Following polymerase extension, the product was desalted through a 1.5 mL Sephadex G-50 column. Fractions containing product were concentrated under reduced pressure in vacuum centrifuge. Product was reconstituted in H 2 O for the click reaction. 
Click Reaction
Synthesis of Clone 1 M3(T) EdU to T Mutant
M3(T) was synthesized in an identical fashion to M2(T), except that TTP was used in the first two extensions, and EdUTP was used in the third.
